for asthma, they have been reported to be associated with functional changes in the 2-AR in the respiratory system. 10 The most common SNPs are due to two missense mutations, which occur in the coding region of the intronless 2-AR gene. The first SNP is at nucleotide 46, which causes the substitution of glycine (Gly) for arginine (Arg) at codon 16. The second SNP is at nucleotide 79, which results in the substitution of glutamic acid (Glu) for glutamine (Gln) at codon 27. In vitro studies of these two nonsynonymous SNPs have shown that they alter receptor function. Many studies on the association between asthma severity and the 2-AR polymorphisms have produced conflicting results. [11] [12] [13] The Arg/Arg polymorphism at position 16 of the 2-AR has been reported to be associated with enhanced agonist-mediated desensitization, whereas a meta-analysis that included several thousand individuals suggested an important role for the Glu/Gln polymorphism in protection against asthma.
14 Another meta-analysis study that was also composed of several thousand individuals suggested that Arg/Arg polymorphism could possibly contribute to nocturnal symptoms; 15 whereas another study concluded that there was no significant association between polymorphisms and asthma or asthma severity. 16 Asthma is prevalent in Saudi Arabia, with the Eastern Province being reported as having one of the highest incidences. 17 A study confirmed that asthma, coronary obstructive pulmonary disorder and pneumonia are the leading causes of hospitalization of patients with respiratory disorders. 18 Although the allele frequencies of these two polymorphic sites have been reported for the normal Saudi population, 19 there is no report of whether 2-AR polymorphisms are associated with asthma in this population. This prompted us to carry out the present study to determine the prevalence of these polymorphic sites in normal Saudi individuals and in asthmatic patients.
PATIENTS AND METHODS
A case-control study was conducted among 73 patients clinically diagnosed with asthma who were visiting King Fahad Hospital of the University, AlKhobar, Saudi Arabia. All those who participated in the study were of Saudi origin residing in the Eastern Province. Normal (control) subjects (n=85) matched with case patients for age and gender were recruited from the general population. The sole exclusion criterion for control subjects was a past, present, or family history of asthma. Informed written consent was obtained from both the patient and control groups prior to participation in the study, which was approved by the University of Dammam Medical Ethics Committee. Blood samples were collected in EDTA tubes and were frozen until analysis. Genomic DNA was obtained from 300 μL whole blood using QIAamp Blood Kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol. Genotypes were determined by restriction fragment length polymorphism, as previously described. 15 Briefly, a 308-bp region of the 2-AR spanning both polymorphic sites was amplified. Primers 5' CCT TCT TGC TGG CAC CCC AT-3' (sense) and 5' GGA AGT CCA AAA CTC GCA CCA-3' (antisense) were used. The PCR reaction volume of 25μL contained 100-250ng of DNA, 1.5mM MgCl 2, 200μM dNTP and 0.25 U Tag polymerase in a standard PCR buffer. PCR cycles involved initial 5 minutes at 94°C followed by 30 cycles at 94°C for 30 seconds, 58°C for 30 seconds, and a final extension at 72°C for 10 minutes. The PCR product was then digested with restriction enzyme NcoI for Arg 16-Gly and BbvI for the Glu 27-Gln polymorphism at 45°C for 1 hour. Restriction products were separated on 3% agarose and visualized under UV illumination following ethidium bromide staining.
Genotype and allele frequencies were estimated by gene counting and expressed as percentages of the total. The 2 test was used to compare differences between groups. A difference was considered statistically significant when P was <.05. The association of haplotypes with asthma was analyzed using THESIAS statistical software (http://genecanvas.ecgene.net/).
RESULTS
A total of 158 subjects (73 patients and 85 controls) were analyzed. The baseline characteristics of the two study groups are shown in Table 1 . The two groups were similar in age and gender. The genotype distribution of all SNPs for both groups was consistent with the Hardy-Weinberg equilibrium. The genotype and allele frequencies of 2-AR polymorphism at codon 16 (Arg 16-Gly) in normal (control) and asthmatic subjects are presented in Table 2 . Although a significant difference was observed in genotype frequencies between the asthmatic and normal control subjects (P<.05), no statistically significant difference was observed in allele frequencies between the two groups. However, the data showed that asthmatic patients were twice as likely to carry the Arg 16-Gly genotype when compared to homozygous Gly 16 (odds ratio=2.39; 95% Cl, 1.16-4.931)
The genotype and allele frequencies of 2-AR polymorphism at codon 27 (Glu 27-Gln) in control and asthmatic subjects are summarized in Table 3 . No statistically significant differences were observed 
68).
The results also indicate that linkage disequilibrium existed between the 2-AR codon 16 and 2-AR codon 27 polymorphisms (|D´|=0.57). The estimated frequencies for various haplotypes in both the control and patient groups and the significance of association with asthma are presented in Table 4 . The data for all haplotypes failed to show a significant association.
DISCUSSION
Studies have shown that genetic polymorphisms may play an important role in the susceptibility to, or severity of, diseases. With the conclusion of the human genome project, a tremendous amount of clinical and basic research has been carried out that focused on this relationship. Asthma is a chronic disease with both environmental and genetic factors. The The results also indicate that 2-AR receptor gene polymorphism has been implicated in the severity of asthma or drug responsiveness of asthmatic patients. 16, 20 A single amino acid substitution in the structural domains critical for receptor function has been shown to result in significant changes in the receptor activity. 7 Nine polymorphisms in the The results also indicate that 2-AR gene have been identified, two of which (Arg 16-Gly and Glu 27-Gln) were more frequently found in different populations with different frequencies. Many studies have been carried out to investigate the possible relationship between these two polymorphisms and susceptibility to asthma. Although some studies have shown that there is a weak association between Arg 16-Gly polymorphism and asthma, other studies did not show such an association.
14 Moreover, previous studies have also shown contradictory results concerning Glu 27-Gln polymorphism and its association with the development of asthma.
The genotype frequencies for both polymorphic sites determined in this study in normal subjects were slightly different from those previously reported. 19 This is probably due to differences in Saudi populations residing in different areas of the Kingdom. Although a significant difference was observed in genotype frequencies at codon 16 (Arg 16-Gly) between the asthmatic and control subjects (P<.05), no statistically significant difference was observed in allele frequencies between the two groups (P>.05). Our results of allelic frequencies of Arg 16-Gly polymorphism are in line with those of Reihsaus et al. (1993) , who examined the frequency of this polymorphic site of the 2-AR gene in different population groups. 9 Reihsaus et al (1993) found no significant difference in the frequency of the Arg 16-Gly polymorphism between a group of 51 moderate-to-severe asthmatics and 56 normal (control) subjects. While comparing the genotype and allele frequencies of Glu 27-Gln, no significant differences were observed between the asthmatic group and the control group (P>.05). Our data appears to agree with the accepted hypothesis, which states that the Arg 16-Gly polymorphism does not appear to be associated with the development of asthma per se, but it may play a secondary role in the pathogenesis of certain forms of asthma. 9 Previous reports have indicated an ethnic difference in the frequency of different haplotypes. It has also been reported that the unique interactions of multiple SNPs within a haplotype affect phenotype more prominently than individual SNPs. 20 We examined the association of both SNPs and haplotypes with asthma and concluded that there was no significant association.
To summarize, we have presented the genotype and allele frequencies of 2-AR gene polymorphisms in normal Saudi subjects and in asthmatic patients. Our findings indicate that there was no significant association of individual SNPs with asthma. However, further study is required to ascertain the interactions of different haplotypes and the response of patients with different haplotypes to various treatments.
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